The spruce beetle is a widely dispersed, native bark beetle that attacks and kills North American spruces. We describe a project that was initiated to suppress an endemic spruce beetle population in an isolated 1000 ac area of spruce in northeastern Utah. Techniques used included baited pheromone traps, selective harvesting and burning of infested trees, and trap trees. Over the 3 yr period of monitoring, the number of standing, currently infested spruce trees was reduced 91%. FieM surveys and data trends, in comparison with a nearby spruce beetle population that continued to increase, indicate that the treatments played a major role in decreasing the trend of spruce beetle-infested trees during the study period. This combination of suppression techniques was successful due to the isolated nature of the spruce stands, early detection of the beetle population, accessibility of the stands, and coordinated efforts of local, state, and federal agencies. West. J. 
ages (Schmid and Frye 1977). In northern
, which is located on the western edge of the study area in steeper terrain. Although the proportion of basal area (BA) comprised of Engelmann spruce varies throughout the study area, the unmanaged area had the highest proportion of spruce BA (62%) and the highest total stand BA (224).
In Fall 1996, a survey was conducted within the area to identify infested hosts. A tree was considered fully attacked if attacks on the tree bole exceeded 75% of the circumference and strip-attacked if the attacks were confined to less than one-third of the tree bole. In the roaded or managed area, all infested hosts were removed, and 85 green spruce trees were cut to serve as trap trees. The majority of trap trees were placed near infested tree clusters. Generally, two to five trap trees were placed near each infested cluster. To minimize detection surveys are used to detect mortality that occurred logging impacts in the unmanaged area, no infested trees were removed, although 15 green trees were cut for use as trap trees. In an attempt to kill beetle brood in downedattacked trees in this area, brush was piled around and under the trees then ignited using a diesel fuel/gasoline mix and drip torch. Due to wet weather, not all trees were fully scorched. In September of 1997 and 1998, 100% ground surveys were conducted where field personnel individually examined all susceptible hosts within the 1000 ac study area. Newly infested spruce trees were identified, both standing and windthrow. Infested trees were marked, and the spatial location measured using a geographic positioning system. Fortytwo live trees were cut and left for use as trap trees in 1997.
To maintain the unmanaged nature of a portion of the area, strategies other than logging, including pheromone-baited traps, were employed on approximately 250 ac. In 1997, 42 clusters of three, 16-funnel traps (Lindgren 1983) were placed around the perimeter of the spruce-type in the unmanaged stand. Traps were placed just outside the hosttype boundary in nonhost trees, with approximately 100 m between trap clusters. Four additional trap clusters were placed within the spruce-type boundary next to groups of recently killed spruce (5 to 10 dead trees/group). In 1998, 22 trap clusters were placed around the perimeter of the unmanaged stand. The number of traps was reduced in 1998 based on trap-catch results in 1997, although trap location and trap number were maintainedl No traps were placed within clusters of dead spruce in 1998. Each trap was baited with ct-pinene (1.8 ml) and frontalin (400 gl ) (Pherotech, Inc., Delta, B.C., Canada). Traps were collected once/week in 1997 and twice/week in 1998. Air temperature was monitored using a data micrologger (21X Datalogger, Campbell Scientific Inc., Logan, UT) placed within the study area.
The Ogden Ranger District of the Wasatch-Cache Na- 
Results

Study Area
An aerial survey of the Logan Ranger District in 1997 revealed three groups of spruce mortality (containing 1 to 10 trees each) within the isolated 1000 ac spruce-fir type of the study area and an additional two groups of mortality outside this area. In subsequent years, no mortality was observed on the Logan Ranger District outside the study area. Infested trees identified in the Fall 1996 were not separated by attack year, and therefore 1995 and 1996 attacks in the study area are grouped. The total number of trees fully attacked within the study area decreased 56% from 1995-1996 to 1997, and a was successful in part due to the isolated nature of the study area, the early detection of the beetle population, and road access to the study area. The ability of federal and state agencies to act in a rapid and coordinated manner was also instrumental in the success of the project. Placing pheromone-baited traps within the host type, even though they were within clusters of dead trees, resulted in focusing beetles into surrounding green trees. This practice should not be conducted in future suppression efforts of this type, unless the dead-tree groups are much larger than 10 to 15 dead trees. Traps should only be placed in nonhost type. Wind direction may have had an effect on beetle dispersal and subsequent trap catches. The majority of beetles for both years were caught in traps situated in the same relative location on the northwestern edge of the study area at the top of a drainage. Although we did not have wind measurements, personal observations indicated an easterly wind pattern in that area. Since our results indicate that wind direction may significantly affect spruce beetle-trap catches, a trapping array should be based on prevailing wind patterns to maximize spruce beetle catch and reduce clerid beetle catch.
Because the spruce beetle has a 2 yr hfe cycle •n th•s area, beetles that initially infested trees in 1996 dispersed to attack new host trees in 1998. Assuming all infested trees were identified in our surveys, the 5 full-attacked trees and 13 strip-attacked trees remaining from 1996, in addition to the residual spruce beetle populations in the 199 stumps of trees removed, were responsible for production of beetles that attacked trees and were caught in traps in 1998. Because infested trees in 1996 were harvested in late October and November, which is after hibernation emergence, a large proportion of the adults could have moved to the lower bole of the tree. Thus, the stumps of the harvested trees may have contained a large number of adult beetles. If possible, selective harvest of infested trees should be conducted in early August following beetle flight, yet before hibernation emergence from trees infested the previous year. Use of the techniques described here does not dramatically alter conditions of the treated stands, leaving the residual spruce component susceptible to further spruce beetle infestation. Although sanitation-salvage efforts in an isolated stand may help to reduce the beetle population to endemic levels, an increase in windthrow and/or favorable climatic conditions could result in another population expansion. Other silvicultural strategies, such as thinning, to reduce stand susceptibility to the spruce beetle have not yet been tested. To maintain minimal beetle-related impacts in susceptible, isolated spruce stands, population levels should be monitored and the direct suppression efforts identified previously employed if the population surpasses endemic levels of beetle activity.
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